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AN IN S1TU MECHANICAL-RADIATION EFFECTS TEST CAPSULE
FOR SIMJULATING FUSION MATERIAL ENVIRONMENTS*

K. E. Christensen, G. A, Bennett, and W. F. Sommer

Los Alamos National Laboratory, Los Alamos, New Mexico

Condittors of radiation and simultaneous cyclic stress on materials are inherent in
advanced anergy source designs such as inertially and magnetically confined con-
trolled thermonuclear reactors. A test capsule capable of applying a cyclic stress
to test specimens while they are being irradiated in the 800-MeV proton beam at tne
Clinton P. Andersor Los Alamos Meson Physics Facility has been developed. The design
and performance of this device are discussed in this report.

Tnis machine has facilities for seven pairs of differential samples; one sample of a
pair receives an applied cyclic stress and its companion in an identical flux will be
tne unstressed control. Control of tne sample temperature and in sicu monitoring of
sample elongation and load are provided in the design, Results of an earlier experi-
ment will be discussed, along with those of preliminary bencn tests of the redesigned

capsule,

1. INTRODUCTIUN

Recently, we performed an in s:cu mechanical-
radiation effects study at the Clinton P,
Anderson LOs Alam's Meson Physics Facility
(LAMPFY,(1] Tni: study required development
of an irradiation capsule that could apply a
cyclic tension-ter sion stress to an aluminum
sample wnile the sample is being irradiated by
800-MeV protons. These paremeters were chosen
because conditions of radiation and concurrent
cyclic stregs on first wall matertials are
inherent to advanced energy System designs
such as magnetically and inertially confinea
controlled thermonuclear reactors, Our exper-
iments are designed to similate these condi-
tions. In situ experiments such as these
require that the device can be opersted
remotely and reliauly for extended periody of
time; these criceria Jdictated tha. the design
be made as simple as poussible,

Qur {nitia]l macnine was used ~uccessfully tu
complete an investigation (1] that showed vo'd
formation was less in mararial recelving o
concrrrent cyclic stresys and BUU-Mev proton
radiation than in i1dentical unytraessed materia)
that was simultaneously irradiated to the same
dose level. The encoursying resalts from tnis
experiment led us to 4 new design that allows
seven pairs of samples to be tested. Each pair
nas one semple thay V. the irradiated contrul
spec iman and the other, also in the proton
beam, receives an gpplied cyclic stress. 7Tnis
new design greatly incresses the data thet can
be obtained from a single LAMPF run ay multi-
ple samplay can Le testeu with the ability Lo
very the load applied to the stressed samples.

TWork suppcried by the US Department of Energy.

These tests were run at temperatures above
ambient (50°C) where kinetics aictate that a
constant temperature be mawntained during the
irradiation period. Acrurate temperature con-
trol was alsn mandated because the heat depos-
itea in the sample from the proton bombardment
nad to be removed.

Calculations 2] and bench experiments estab-
lished that temperature control could best be
achieved by flowing gas directly over the
samples and taxing auvantage ot large surface-
to-volume ratio n tne sample design (Fig-

ure L), Tnis design greatly ennances the
ability to eatract the enerygy deposited by
beam neating and maintain near-yniform sample
temperatures.

Tne init1al temperature Control system was
quite simple. HNitrogen gas was used, supplieu
by & tens tratler, ana was neated sligntly
above the experiment temperature of 4J°C
being passed vver resistinue heaters that were
controlled by a thermal switch (Figure 2),
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Figure 1: Schematic of the tensile sample used
for the experiment,
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Schematic urawing of the heaters and
flow system used to control sample
temperature at 5C C.

Figure 2:

This was a “once-through" system where the gas
was expelled to the atmosphere after use. In
anticipation of longcr runs (six months) with
higher operating temperatures, we have Jesigned
8 closed-100p helium system that will be used
for temperature control of these extended
experiments,

In the text below, we describe the design and
operat‘on of our first and second generation
machines, along with their attendant tempera-
ture control systems.

2, INITIAL EQUIPMENT

Our experiment required the design and develop-
ment of a rumotely operated machine capable of
applying a cyclic tension-tension stress to a
foil sample while the sample was being sub-
Jected to proton bombardment. In addition, the
control sample required support sc that it

would experience a radiation history identical

to that of the stressed sample. Figure 3 shows

A schematic ot the :n =:tu cyclic stress capsule.
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Figure 3: Scnematic of cyclic stress-

irradiation capsule.

A dead-weight loading system was used because
of its inherent reliability and because it
eliminated the possibility of overloading the
sample. A constant-speed electric motor,
operating through a cam and guide, raised and
Towered the dead weight onto a load pan; tne
interface was damped by a spring to mitigate
“overshoot* of the stress. The resulting load
form was approximately sinusoidal at a fre-
quency of 1/3 Hz. The profile of the LAMPF
beam required that the samples be loaded in
the horizontal plane. This required passiry
the load cable over a pulley before connecting
it to the specimen grip (Figure 3). The elon-
gation of the sample during the irradiation
was measured by a linear variable differential
transformer (LVDT) connected to this grip.

Figure 4 shows one of the stressed samples
with its gripping system mounted in an instal-
latfon fixture, which assures strain-free
handling of the ultra-high-purity aluminum
material.

Figure 5 shows the graphite support for the
urstressed control sample. Graphite was chasen
because of its resistance to radiaticn swelling
and because its luw 2 would result in a minimur.
of beam heating. This support was necessary
because the ultra-hign-purity aluminum used in
our initial experiment creeps under its own
weight. The support structure was hollow,
allowing cooling gas to flow over tre sample.
The sample was supported only on tne edges to
minimize the amount of graphite in the beam,

The support structure for both samples on tne
plenum side 1s 8130 shown in Figure 5, Tne
pin support anchored tne stressed sample ang
kept the unstressed sample in position during
the irradiation. Hoth specimeny were inserted
in 9.5-mm-0.d. by 0,25-mm=thick aluminum tube,
that served to direct the nitrogen gas flow
across the samples and thus maintain the
controlled sample temperature.

Nitrogen gas heated to 52°C was intruduced
into the plenum area; the yas then passed

Figure 4: Tensile sample and qrips in instal-

latton fixture,



Figure 5: (a) Sample support structure.

Figure 5: (b) Static sample graphite holder,

throuygr the sample chambers and over the
samples. Calculations and bench experiments
thow that o stagnation temperature of 52°C in
the static plenum resulted in a sample surface
temperatury of 50 C. The resulting tempera-
ture variation at the gpecimen center 1line was
less than 1 C. The 52°C tomperature was moni-
tored by & thermocouplc 1n the plenum through-
out the irradiation,

The LAMPE beam in Argea B 15 quite stable in
spatial alignment, allowing for some long-term
drift, Alignment of the Lean relative Lo the
samples was accomplished by placing one ley of
4 Chromel-Alumel thermocrple at the vertical
centar line of the tpecimen, The second leg
was spot welded at a position on the center
line 1n the horizontal dimension. Heating of
the couple is a direct function of proton
current, and because the beam is Gaussfan in
intensity, alignment of the beam ta the sam-
ples was easily deduced and maintained with
bending megnets by maximizing the thermocou' le
output.

The LAMPF beam i3 Gaussian in intensity profile
ond elliptical in its spatial profile (Fig-

ure 6). This was used to advantage by placing

the foils edge-wise relative to the beam, keep-
ing the proton density high and uniform through
the thickness of the sample; furthermore, :his

allowed uting the wider horizontal part of the

beam to achiave uniform dosa over a reasonable

gage length,

In addition, because this experiment is a
differential one between the stressed and
unstressed specimens, it 1s essentiai tnat the
two samplas receive an identical radiation
history. To achieve this, advantage was taken
of the Ligh penetrating powar of 800-MeV oro-
tons (energy loss is only 5.0 Mev/cm in alumi-
num) {3] by pllcing both samples in line along
the proton beam. Calculations (4] indicated
that multiple scattering effects ir the leading
foil would not significantly alter the flux at
the back foil. Postirradiation radiochemistry
resuits [5] support the calculation and prove
that both samples received a. identical dose.

The system operated tor 21 days in a 10-,A
LAMPF proton heam. The only major problem
@ncountered was the electric motor failure.
This was probably caused by overheating in the
50 C atmosphere. To alleviate this problem,
the motor was replaced and kept cool with a
cold gas flow. With this problem in mind, and
with the desire to maxe the improvements wen-~
tioned earlier, a new test capsule was designed
and is described below.

3. REDESIGNED EQUIPMENT

Tne desire was to provide a design tnat
enhanced the vapability, increased the relia-
bility, and provided for greater instrumenta-

tion in the new test capsule. The new desiy.
15 shown in Figure 7.
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Figure 6: 3Semple arrangement in the LAMPF
Gausstan beam,



Figure /: Cyclic stress irradiation capsule.

To enhance the capability of the device, seven
pairs of samples were incorporated into the
design, with the ability to load each one
independently at a frequency of up to 3 Hz.
The speciman pairs are staggered vertically to
take advantage of the entire beam of protons;
each subsequent pair following the leading
pair was staggered up or down by one sample
thickness.

To improve reliability, many changes were
incorporated in the naw design. An air motor
was chosen over an electric motor bacause the
carbon vanes were noL subject to the degrada-
tion caused by the irr.diation and elevated
temperature as was the organic insulation in
the electric unit. Bead chain was used to
support the loed, thus avoiding kinking af the
chain or compression loading of the sample.
The design called for other changes, including
pnttin‘ of the LVDT lead wires with an inor-
ganic insulation and cleaning and lubricating
411 bearings with a light coat of a mclybdenum
disulfide lubricant. Also, the eccentric cams
were fitted with thin radial bearings to mini-
mize wear betwsen each cam,

New instrumentation included the addition of a
mechanical counter to count the number of
cycles. Minjature load cells were mounted at
the back of each sample's load striny so that
an accurate load history cuuld be kept.

3.1 Temperature Control System

As mentioned earlier, wy wanted L0 develop a
closed-1o0p, halium coolln? system for use in
long-term experiments and in future elevated
temperature experiments. Helium i3 necessary
for elevated temperature experiments becsuse
of 1ts low reactivity with the test semples.
It was necessar, to design this system to
opurate very cleanly because the samples were
used in post-test transmission electron
microscopy, and surface contamination from the
cooling gas would complicate postirrediation
analysis. A schematic of the system {3 3hown

in Figure 8, The helium is circulated by three
Metal Bellows pumps operating in parallel
through a haater to the samples and then
returned. Because future tests may be run at
temperatures near 800 C, it is necessary to
cool the gas to ambient before the pumping
cycle begins. Considering that approximately
10 kW must be removed from the gas in a very
small experirmsucal ares, this was a challenging
design problem. After euaminin? many possi-
bilities, a single-pass counterflow heat
exchanger was chosen, consisting of 20 ¢* of
welded fin tube made up of 2.5-ft sectiors. A
cross section of the flow path is shown in
Figure 9. A1ir was chosen as the most practi-
cal cooling mediun after eliminating several
alternative fluids ‘water, chilled water, and
Freon) because of technical and economic
considerations.

To optimize the many factors involved, a com-
puter program was written to perform parametric
calculations to find an opera*ing point that
would give the lowest pressure drop for the

two gases, lowest cooling air flow, and the
most compact heat exchanger size. A safety
factor of 2 was used on the calculated heat
exchanger length pDecause the halium was in the
transitional flow range, giving rise to uncer-
tainties in the heat transfer coefficient,
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The system used stainless steel tubing, and
connections were made with Cajci: VCR vacuum
couplings because their metal-to-metal seals
eliminate contamination problems from the use
of elastomeric seals.

4. CONCLUSIONS

In this paper, we have described the design
and performance of an in situ machanical-
radiavion effects test capsule. Early exieri-
ments performed well in this difficult enva-
ronment and yielded the surprising results of
lesser void growth with a combination of
radiation and cyclic stress relative to an
unstressed, irradiated sample.

The redesigned test capsule was described,
along with its closed-loop helium temperaturc
control system. Initial bench tests have
shown very good reliability, in addition to
the ability to run at higher frequencies and
with better {instrumentation,

REFERENCES

t1] W. F. Sommer, "An Experimental Determina-
tion of the Effect of Cyclic Stress on
Void Growth in Ulira-High-Purity Aluminum
During Simultaneous 800 Mev Proton Irra-
diation,” Ph.D. Thesis, University of
I1Vinots (April 1981).
t¢] L. N. nmetyk and W, 7. Sommer, “An Ana-
1yt12 Method for Celculating the Time-
Temperature History of Metal Foils Under
Pulsed Irradiation end a Gaussiun Beam
Profile,” Lot Alamos Scientific Laboratory
report LA-/8L1-MS (May 1979).
(1) Josepn F. Janni, “Calculations of Energy
Loss, Rangu, Path Length, Straggling,
Multiple Scattering, anJ the Probability
of Inelastic Nuclear Collisions for V.1
tn 1000 MeV Protnns,”* Technical Report
No. AFWL=-TR-65-150 (September 1966).

C. A. Coulter and W. F. Sommer, "Flux
Effect on an Aligned Second Foil Due to
Multiple Scattering of 800 MeV Protons in
the Leading Foil," Los Alamos Scientific
Labcratory report LA-7803-MS (April 1979).

W. F. Sommer, "Post Irradiation Dose
Determination of 800 MeV Proton Irradiated
Aluminum from LAMPF Experiment 407,

Los Alamos Scientific Laboratory report
LA-8351-MS (May 19€0).



